DNA damage induced by polyglutamine-expanded proteins.
We have developed stable cell lines expressing green fluorescent protein fusion proteins containing polyglutamine repeats of various lengths under tetracycline control. The expression of the expanded (43Q) repeat protein resulted in aggregate formation in a time-dependent fashion. The accumulation of aggregates did not induce apoptosis, although the survival of these cells was critically dependent on the presence of serum and growth factors. However, the expression of 43Q expanded protein strongly activated the ataxia telangiectasia mutated kinase/ATM and Rad3-related kinase (ATM/ATR)-dependent DNA damage response, as shown by selective phosphorylation of ATM substrates. This activation was dependent on 43 CAG protein expression, reversible and sensitive to caffeine and reducing agents. Similarly, we found phosphorylated ATM substrates in fibroblasts from Huntington's disease or SCA-2 patients. Oxidative stress induced accumulation of ATM/ATR phosphorylated protein in HD and SCA-2 patients, but not in normal controls. Furthermore, a significant phosphorylation of H2AX was shown by fibroblasts from patients. We conclude that polyglutamine induces ATM/ATR-dependent DNA damage response through accumulation of reactive oxygen species. ATM activation can be used to monitor the disease in vivo.